Abstract
Introduction
Microwave photonics is pertaining to multiple distinct fields of study that studies the interact between the field of microwave and optical signals, for applications such as broadband wireless access networks, sensors networks, satellite communications, instrumentation as well as warfare systems. From last few years people works immensely to research new microwave and photonics techniques for various applications. The major function of microwave and photonics system includes photonic generation, processing, control and distribution of microwave and millimeter (mm-wave) signals [1] . Normally microwave photonics systems are designed to operate at the 1550nm band in order to take advantage of attenuation [2] . This paper is focused on generating an arbitrary chirped waveform in optical domain. Basically a chirp signal is usually referred as a sinusoidal signals whose frequency increases or decreases with respect to time. These signals are frequently used in earth remote sensing (synthetic Aperture Radar-SAR, RADARAltimeter-RA), Planetary remote sensing as well as required for several application like target velocity estimation, acoustic digital imaging and the determination of system response with network analyzer [3] .
Photonic Microwave Arbitrary Waveform Generation Technique
The fundamental process to generate a microwave arbitrary waveform is Optical pulse shaping, so we are focusing to generate Arbitrary microwave chirped waveform based on optical pulse shaping [4] .The techniques implemented using pure fiber optics offer advance features of small size, lower loss, better stability and high potential for integration when compared with those implemented using free space optics [5] . Here we are presenting a chart in Figure1 that is showing various techniques for generating a photonic microwave arbitrary waveform. Finally we used a concept of optical pulse shaping for the generation of chirped waveform due to its advancement and easiness, by using a LiNbO 3 Mach Zehnder Modulator which acts as an optical pulse shaper. Beside optical pulse shaping technique some other techniques also include the generation of chirped microwave pulses like wavelength to time mapping and photonic microwave delay line filter [6] . In an optical spectral shaping and wavelength to time mapping for generation of chirped microwave arbitrary waveform by shaping the spectrum of an ultrashort optical pulse with a filter (usually FBG) that have a capacity to linearly increase or decrease the free spectral range (the frequency space between two consecutive transmission peak) and the spectrum shaped pulse is then linearly mapped to the time domain in dispersive element [7] . The above chart gives a basic knowledge to generate an arbitrary microwave waveform by different methods. Millimeter wave (mm-wave) and microwave have the property of high frequency and large bandwidth that"s why these techniques have become an important research area that has a number of scientific and industrial application such as Ultra Wide band and multiple access communication system, pulsed Radar system etc [8] . Optical line electrical line
Figure 2. Basic Block Diagram of Optical Pulse Shaping for Arbitrary Microwave Waveform Generation
The advantages of pulse shaping involve control on amplitude, phase, and frequency and/or interpulse separation. Complex pulse shaping allows generation of ultrafast optical waveform according to user specifications. The above Figure2 shows the general structure of photonically assisted microwave arbitrary waveform generation. An ultra-short noncontinuous optical pulse from a pulsed laser source is fed to a properly designed optical pulse manipulation system or pulse shaper, where the optical pulse is shaped in the optical domain here the pulse shaper will be treated as optical modulator and the input pulse will be multiplied with a modulating function. The modulating function in optical pulse modulator will be in time domain or frequency domain (obtained by Fourier transform) [9] . A microwave waveform with the desired shape is finally obtained after the optical to electrical conversion with the help of photo detector. The frequency of receive microwave waveform at output is limited by the bandwidth of the PIN Diode. [10] 
Experimental Setup

A. Operating Principle
The complete experimental setup to generate the chirped arbitrary microwave waveform in optical domain is shown in Figure3. It has one non return to zero pulse generator [9] followed by a user defined bit sequence generator [10] . The NRZ pulse generator generates a sequence of non-return to zero pulses coded by an input digital signal. It shapes the input digital signal to a Not Return to Zero electrical signal .The output of the NRZ-PG is given to a low pass Bessel filter which provides a maximally flat group delay or propagation delay across the frequency spectrum [11] . Since the Bessel filter have advancement over other filter that it gives better shaping factor, flatter phase delay, and flatter group delay that"s why we have preferred the Bessel filter in our experimental setup. Another advantage to use the filter is that it preserves the wave shape of the filtered signal in pass band [12] . After filtering, the signal is divided into two parts by the use of an electrical splitter for further modulation of the signal [13] . The first arm of the splitter provide the signal to the first port of the Mach Zehnder Modulator(MZM) and the signal through second arm is fed into second port of the modulator by passing through the negative gain provider. Two electrical signal of opposite gain are given to MZM for generating the chirp signal which is further being superimposed over continuous wave laser output for getting chirp signal in optical domain. It should be noted that we have used a LiNbO 3 based MZM which plays a vital role to control the amplitude of the optical wave [15] . The MZM also used to benefits of pulse compression to the system, thereby offering a reduced dispersion penalty compared to chirp free waveguide modulator. Here the MZM consist of an input Y branch waveguide, two phase modulated arms with independent drive electrodes and output Y branch waveguide for recombining the output from the phase modulated arms.
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Figure 3. Complete Experimental Setup to Generate the Chirped Waveform Signal in Optical Domain
The modulated signal is further amplified by Erbium Doped Fiber Amplifier (EDFA) [16] and passes through single mode fiber (ITU"s G.655 [17] .The use of the erbium doped fiber amplifier has drastically changed the technological issue of long-haul fiber transmission. No longer is the transmitter/receiver power budget the primary concern, but rather fiber dispersion, fiber non-linearties and amplifier noise are key factors. Now the signal further filtered out by the use of Bessel Optical Filter and after passing through the photo detector the signal is converted into electrical signal. This electrical signal passes though the low pass Bessel filter (LPBF) where the signal higher from cutoff frequency is omitted. At last the signal fed into the 3R-Regenerator where reamplification, re-shaping, and re-timing of the signal occurs [18] .
B. Mathematical Analysis.
As shown in the above Figure 3 a user defined bit sequence generator generate a bit sequence of 16 bit length as 0101 1011 1010 1011 with bit rate of 10Gbps is given to NRZ-PS where NRZ-PS generates the non-return to zero coded electrical signal. The signal further forward to low pass Bessel filter having cutoff frequency of 7.5 GHz .The signal after LPBF is further splitted out into two parts to provide input to the two arm of LiNbO 3 MZM. A continuous light wave from laser [ where E c is the amplitude of optical field and ω c is angular frequency of optical carrier] is given to the MZM [19] User defined bit sequence generator In order to illustrate the operating principle of such a device, the simple interferometry structure is represented in Figure4. It is based on a Mach-Zehnder interferometer including one electro-optic material in one of the arms [20] . When used as a data modulator, such a structure is generally integrated by diffusing some waveguides in the electro-optic material and depositing the electrodes on top or around the waveguides. Assuming the power is split or combined equally at the input and output couplers of the Mach-Zehnder interferometer, the power at the output of the interferometer depends on the difference between the phase shifts experienced by the light propagating in the upper and lower arm of the structure, and , respectively, according to:
Where . Lithium-Niobate(LiNbO 3 ) is customarily used as a suitable electro-optic material for high-speed modulation inoptical communication systems, owing to its relatively large electro-optic coefficient and wellcontrolled waveguide fabrication processes. Applying a half wave voltage voltage of to the electrode of an electro-optic waveguide will result in a voltage induced phase shift of . The electro-optically induced phase shift ϕ (t) can therefore be related to the applied voltage V (t) according to:
Assume that the input optical beam of amplitude and frequency is splitted between the two arms and after travelling through the arms of modulator the output of modulator is expressed as the sum of the contributions propagating through the upper and lower paths.
Where, and are the static phases for arm1 and arm2 of MZM and are the voltage to phase conversion coefficient for arm1 and arm2, which is assumed to be constant with respect to the applied modulating voltage V(t). In case of no modulation, a dc bias voltage controls the static phase difference -and thus determines the output intensity. Meanwhile, when modulation is applied, the output field can be expressed as:
International
Where,
Equation (4) is basically the expression of output electric field at MZM in terms of the time dependent phase difference (t) and time dependent output phase . The optical power at MZM"s output is:
Where = √ 2 , is the optical power at the input of MZM, and are the permittivity and the permeability of the medium.
In the coming section, we will briefly describe the loss modulator and there after the derivation of the expression for chirp in modulated light frequency in a lossy modulator [23] [24] .Suppose that the input light into the modulator has a constant amplitude and constant angular frequency , the amplitude E and the phase of the input light are given by: = = = , where refractive index of loss modulator, i.e., n = = .
And, = -L
where L is the length of an external modulator and is the propagation constant is free space.
Figure 2. Overview of An External Loss Modulator
Rate of change of phase with respect to time is: 
where, = n ' : The real part of refractive index responsible for phase modulation. n '' : The imaginary part of refractive index responsible for intensity modulation. 
From equation (8) and (10) 
Now, we will define the intrinsic chirp parameter, =
where is the ratio of the time derivative of the output phase to the time derivative of the phase difference (t). Note, is responsible for phase modulation and (t) is responsible for intensity modulation. After differentiating equation (3) and (4) with respect to time "t" we get:
From equation (12), (13) and (14) we get:
Thus, from equation (15) it is evident that the intrinsic chirp parameter is independent of the amplitude of the electric drive signal and thus it is an intrinsic parameter of the modulator. Case(1): = 0, i.e. = -, means pure intensity modulation Case(2): = ,i.e. = , means pure phase modulation Case(3): =1, means electric signal is given to only one arm of MZM and hence modulation takes place in only one arm. The amplitude of optical field at the output of Mach-Zehnder modulator is modulated according to (t) and the output optical phase is modulated according to . The variation in output optical pulse with time is related to the modulated phase by:
Taking time derivative of equation (3) and (5) we get:
And, .
Therefore,
From equation (12), (16) and (19) , the time varying frequency of the light pulse can write as:
Now, the frequency chirp of the light pulse is:
It is apparent from equation (21) that the frequency chirp is determined by the modulating electric drive signal and modified by the intrinsic chirp parameter of the modulator . The intrinsic chirp parameter is not the same as intensity dependent chirp parameter . The parameter reduces to only in the case where the power is modulated with small amplitude, i.e. , and assuming = , which corresponds to the maximum condition for small amplitude modulation.
Thus, (22) Now when the signal propagates through the fiber its power decreases exponentially with distance and this loss of optical fiber is the attenuation in this paper the attenuation of fiber is fixed to 0.1db/km, another factor which influence the amplitude of signal through fiber is dispersion which is fix here upto the value of 16.75 ps/nm/km 
Result and Simulation
To verify the feasibility of the setup, simulation is firstly demonstrated. In the simulation, a bit stream of 01011011 1010 1011 with bit rate of 10Gbps is generated from user defined bit sequence generator. A low pass Bessel filter with cutoff frequency 7.5 GHz has been used here. Now the splitter here divide the incoming signal equally in two part where the first part is used here as a input of first electrode of modulator and the second part is applied on the second electrode of MZM through the negative electric gain provider. The operating wavelength of the MZM is with standard single mode fiber. Adjustable chirp modulator with two independent drive electrode offer the flexibility of optimizing the chirp characteristic of modulated optical signal for Radar application. The generated chirp pulse shown in Figure . 5 is captured by a sampling oscilloscope. The value of Q is calculated by software and the value of α is calculated by the derived formula taken from eqn. 22. Here it is notice that , ,
Case.2When MZM electrode voltage is +ve, is -ve and constant to a particular value. , ,
From the relative comparison of two tables its apparent that relative quality factor tends to decrease 5 times in table 1 when all value chirp parameter is +ve whereas in case 2 the relative quality factor tends to decrease approx. 10 times. So it"s better to take the value of chirp parameter greater than zero and pick the value of MZM electrode voltage from table.1. Now in next step its clear from table .1 that the electrode voltage will be either (-5,1 or -5,2) because the value of quality factor is high only on these values. From the software analysis we reach on following conclusion- (-5,1) . Hence the chirp parameter of the signal will be 0.42 by taking = -5, =2. As the frequency of the CW laser is 193.1 THz so by calculation its evident that the wavelength of generated chirp signal will be approximately equal to 1550 nm. The signal lies in C band (1530 to 1560 nm) so to amplify it we use a EDFA. The optical amplifier increases the power level of incident light through stimulated emission. The next parameter of the amplifier is its gain, which increases with device length. In this paper the device length is taken as 5m. Here it"s concluded that at 1550 nm wavelength the attenuation is very less [21] that"s the resion of taking 1550 nm as reference wavelength. The supporting graph is shown in the Figure (6) .
After amplification the signal is passed though the Bessel optical filter whose bandpass frequency is 193.1 THz and bandwidth is 50 GHz, now this band limited signal is given to photo-detector where the optical signal is converted to electrical domain. The signal further fed into low pass Bessel filter (LPBF) where the cut-off frequency of the filter is 7.5 GHz. The filter passes the signal with frequency lower than cut-off frequency and attenuates signal with frequency higher than certain cutoff frequency. The advantage of using the Bessel optical filter is that it provide maximum flat group/phase delay mean maximum linear phase response which preserves the wave -shape of filtered signal in pass-band.
From the above Figure7 (a) its studied that the quality factor is maximum at the extinction ratio of 15dB and decreasing gradually after that. Another graph Figure (7) .b shows that the bit error rate tends to decrease when we extend the value of extinction ratio and on the value of 14.5 dB the BER is minimum but as we increase the value of 
Extinction Ratio Graph
extinction ratio above 14.5 dB the BER tends to increase thus its concluded that the BER of the chirp signal is 12.483 and extinction ratio is14.5 db. Now in next section we have focused to get the effect of quality factor when we increase the length of fiber the graph given below shows the result obtained after simulation.
From the above Figure8(a) we have reached on the result that the quality factor of the signal increase gradually up-to 10km of the fiber length used but after this particular length the quality factor of the signal decreases abruptly. Before 10km attenuation does not have any major impact in deteriorating the quality of a signal because of the amplification of optical signal perform by EDFA. Meanwhile as we increase the value of fiber more than 10km the attenuation start playing a major role in decreasing the strength of optical signal. Now in Figure 8 (b) we shows the effect on signal power obtained at the receiver after increasing fiber length. In Figure 8 (a) it is concluded that at fiber length 10km the quality factor is maximum and graph Figure8 (b) shows that at 10km fiber length the power penalty is minimum and its evident that at this length of fiber the output SNR value will be maximum. Finally we have targeted to find the total bit error rate, eye diagram analysis and through it the quality factor of the signal. The graphical analysis is given belowThe Q-factor performance, BER and eye patterns are discussed and analyzed in Figure  9 . From above figure the result comes out that the quality factor of the signal is maximum at Bit period of 0.498 where the quality factor is maximum and bit error rate is minimum. The point where eye opening is maximum is best suited for safely sampling the signal with fidelity. This process is very important in 3R-generator because there reamplification, re-shaping, and re-timing of the signal occurs. 
Conclusion
Frequency chirping effect in external modulator i.e. LiNbO 3 Mach Zehnder modulator can be uniquely expressed by an equation in terms of α parameter. Different techniques to generate chirp microwave arbitrary waveform have been discussed via tabular form in which optical pulse shaping is adopted. The maximum quality factor of the signal is 12.483 at bit period of 0.498 at 10km fiber length.
